SUMMARY In 1970 the Birmingham Histopathology Data Pool was established to collect information on biopsies of surgical specimens from three hospitals. The scheme has gradually expanded and 10 hospitals now participate. The pathologist gives each specimen a numerical code based on the Systematised Nomenclature of Pathology (SNOP). The information is processed by computer and stored on cumulative magnetic tape file. At regular intervals (at three, six, and nine months) 'printouts' listing all the information recorded within the interval are produced and a cumulative printout is issued when the information for a whole year is complete.
The value of computer techniques for handling the large volumes of data generated in clinical chemistry, haematology, and bacteriology laboratories is well established (Whitby and Blair, 1970; Whitehead, 1970; Farrar et al., 1975) . Similar techniques (Pratt and Thomas, 1966) have not been adopted widely by histopathology laboratories for two main reasons: (1) their output consists of verbal reports on the macroscopic and histological features of tissue specimens leading to conclusions or diagnoses which are the opinions of the pathologist; (2) the number of specimens handled is relatively small.
Of the several systems available for codifying histological lesions the Systematised Nomenclature of Pathology (SNOP) (College ofAmerican Pathologists, 1965) is that most widely used by histopathologists. Moreover, when the information from several laboratories is pooled the number of specimens increases greatly and the advantages of computerbased methods are obvious. Another advantage is that histopathological records are usually kept indefinitely, not only as a potential source of research material but because they contain information which may at some future date have a bearing on the diagnosis and treatment of individual patients. For these reasons we chose a computer-based Received for publication 13 June 1977 system when we decided in 1970 to establish a histopathology data pool which would store codified diagnoses from a number of centres.
Initially data were collected from three laboratories those serving the Queen Elizabeth Hospital, Birmingham, the East Birmingham Hospital, and the South Warwickshire Group of hospitals. The pool has now expanded to include 10 hospitals. ' In 1975, 45 313 diagnoses were recorded (Table 1) Until November 1976 the data pool was based on the IBM 1440 computer at the University Medical School, which has a 16K character core size. In addition to the computer the facilities included an IBM 1442 card reader and punch, an IBM 1443 line printer, two 7335 magnetic tape drives, and ' Other hospitals now in the data pool are the General Hospital, Birmingham (1973) 666 6 G 61 6 6 6 6 6 66 6 O 6 6 6 6 6 6 6 ' 6 6 6 61 6 61 6 6 6 6 6 6 6 6 6 61 6 6 6 6 61 66 6 6 66 66 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6616 6 6 6 6 66 6u 66 6 I 7 7 17 7 7 7 71717 7 717 7 7 7 7 7 7 7 7 717 7 T77~,71 7 7 ? 7 77 7 7 7 7 7 7 7 71717 7, 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 717 7 7 7 7 7 7 7 7 7 7, (Fig. 4) .
At the end of each year, after a check for completeness, a final cumulative print-out is prepared for each laboratory from the alphabetical and SNOP code tapes. This acts as a permanent record in each laboratory for reference. Retrieval of data to meet individual requirements is carried out on request.
Results

COMPUTER TECHNIQUES
The techniques are relatively simple and no serious difficulties have arisen.
ACCURACY OF DATA
The application of validation criteria to the data has focused attention on the difficulties in obtaining complete and accurate information. This is particularly so in the case of patient identity, and most laboratories rely entirely on the information recorded on request forms. The Queen Elizabeth Hospital, however, has an on-line hospital information system which allows checks to be made on the accuracy of patient identity. With its help assessments of the size of this problem were made.
The first test was made in June 1974 ( confidentiality.)
(The latter part ofpatient surnames is obliterated to preserve copying from the request form to the report form. of the SNOP code and the way in which codes are These errors, while not unimportant, are less vital allocated. The code consists of four fields Topothan errors in patient identity, since the most graphy (T), Morphology (M), Aetiology (E), and important aspect of the record is the ability to Function (F)-each having four digits. Each field couple the correct diagnosis with the appropriate has a branching structure with finer subdivisions in patient.
the field leading to a specific meaning when all four A further source of error arises from the structure digits are used for example, M8143 denotes Pathologists (1975) has produced a similar visual aid designed to meet the needs of histopathology laboratories (Systematised Nomenclature of Pathology: A Bench Synopsis). The use of a visual aid encourages uniformity of coding since the choice of codes applicable to a particular lesion is much more restricted.
RETRIEVAL
Data can be readily retrieved from the routinie print-out when the requirement is straightforward, but when more complex retrieval and analyses are required the computer is used. The cumulative printout provides a means of rapid retrieval of data about individual patients for follow-up and review. In addition, retrieval of significant numbers of a par- ticular lesion occurring at a single anatomical site is possible from the SNOP ordered file. This is of particular value not only for teaching but also for purposes such as reviewing the histological features ofa lesion when establishing a diagnosis is difficult or testing a new staining technique on existing material.
Retrieval from the computer is done at the request of the pathologist either for his own purposes or on behalf of clinicians. A request form stating the information required is sent to the computer department, and the most suitable method of retrieving the information required may be discussed with the pathologist to ensure accuracy of retrieval. The following three major types of retrieval have been used.
(1) Searches on the basis of a single code or group ofcodes. For thepathologistthisusuallymeans retrieval of a lesion occurring at a number of different anatomical sites, something that is difficult with a manual system. Similarly, a group of cases of interest to a particular clinician can be retrieved on the bases of the consultant code and appropriate SNOP code.
(2) Detailed analysis of large volumes of data. This may be illustrated by reference to specific examples. (c) The sex and age distribution of different morphological lesions occurring at a single anatomical site can be compared and patterns worthy of further study may emerge. For example, the age distribution in men for histologically normal appendices was identical with that for acutely inflamed appendices whereas in women two distinct patterns were found, presumably because a normal appendix is sometimes removed from a woman at laparotomy for abdominal pain due to gynaecological causes. This finding of a similar population distribution in the male might represent disease at a stage before the development of overt acute appendicitis as assessed by conventional histological criteria.
(3) Data from a particular laboratory can be retrieved and analysed for patterns of work. For example, the number of patient requests submitted for frozen section, cytological examination, and routine paraffin section examination can be determined and, by reference to the source of the request and the final diagnosis, the pattern of the workload of a laboratory in relation to the source and type of work performed can be determined. This approach offers an easy method of comparing frozen section and paraffin section diagnoses (Table 5) . Moreover, retrieval of cytology and subsequent biopsy for both comparative and follow-up purposes is facilitated since all records for a particular patient within a single year are located together within the alphabetical file.
CONFIDENTIALITY
The diagnostic information in computer print-outs and on the magnetic tapes is in code and unintelligible without knowledge of the coding system and access to coding manuals. Consequently the use of a computer does not increase the problem of confidentiality which already exists with the longterm storage of reports in laboratories and their use throughout hospitals and cancer registries. When a pathologist wishes to restrict the information various parts of the record can be deleted as it is printed from the magnetic tape files.
FUTURE DEVELOPMENT
In November 1976 the system was transferred to a Univac 418-III computer. This machine's greater capacity has several advantages, the most important of which is the ability to maintain all data for a whole year on a single file in alphabetical order from which a print-out in any predetermined order can be prepared. More rapid retrieval of data and more complex analyses are also possible. The change from one machine to another meant extensive reprogramming, which led to a critical review of the system and to improvements. The most important of these concern the specimen description fields, columns 46-64 on the punch card (Table 6 ). Further modifications affect the output of data. The validation listings will be printed monthly instead of weekly in alphabetical order in order to supplement the three-monthly alphabetical print-out.
Since the data pool records more than 40 000 diagnoses a year the physical size of print-out of the SNOP diagnostic file is too large for easy handling and it will be limited to the information from individual laboratories in the same way as the alphabetical listing. Finally, the transfer to the Univac 418-III computer means that the capacity of the computer is no longer a constraint and the data pool can now expand more rapidly. Experience suggests that a data pool serving all laboratories in a region is feasible and would have many advantages over a small pool.
Discussion
Since its inception in 1970 the Birmingham Histopathology Data Pool has acquired a large volume of data. Significant numbers of a range of uncommon lesions are now on file and available for comparison and research purposes. The system provides an efficient method of maintaining index files in patient name (alphabetical) and disease (SNOP code) order, and the printed version of the files containing the information from individual laboratories provides an easy-to-use reference system giving access to information about specimens examined in the various laboratories. The data concerning cases of a particular lesion can be retrieved and analysed within defined limits. These data can be sorted into any order so that similar cases or specific features of one type of case come together and the task of the individual who has requested the retrieval is simplified.
Our experience with the computer-based data pool contrasts favourably with the experience of operating indexes and laboratory report files maintained in traditional ways. The latter generally consists of patient name and disease indexes and use copies of reports filed in laboratory number. They often work well for short-term reference but as information accumulates over the years more and more effort is required to search this type of file. Moreover, the information retrieved is incomplete. In the computer-based system the laboratory report files are maintained as in manual systems but the patient name and disease indexes are maintained by the computer.
The disease index can be more detailed than in a manually operated system since the problems associated with retrieval from manual systems are insignificant. Our experience also shows that files maintained on the computer are more accurate than manually maintained files because the computer program checks for accuracy within the predetermined criteria of the validation program and rejects records which it considers to be inaccurate or incomplete.
Computer retrieval and analysis of groups of cases is invaluable in establishing the incidence of various conditions within different areas, and thus in supplying important epidemiological information for all types of lesions similar to that already provided for neoplasms by cancer registries. The potential of this aspect will be fully realised only when the majority of hospitals in a region submit data.
A variety of other uses are possible-for example, the diagnostic habits of a laboratory can be determined and compared with those of other laboratories in the whole data pool. Thus, by monitoring the work performed by a laboratory and observing any change or trends, the pathologist can use this approach as a form of quality control or quality assurance. This approach to quality assurance has hardly been explored so far but promises to be of greater value to the practising histopathologist than 
